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The Clinical Correlation of in-Vitro Penicillin Sensitivity Tests*

ERNA ALTURE-WERBER, PH.D., MARY KOZAK SHORE, A.B.,
EDITH C. MENKES, and LEO LOEWE

In-vitro penicillin sensitivity tests of or-
ganisms as a rule merely estimate the bac-
teriostatic activity of penicillin. The infor-
mation gained from this type of test was not
always helpful in establishing optimum
dosage schedules for the treatment of dis-
eases caused by penicillin inhibitable organ-
isms. In actual practice, particularly in the
treatment of subacute bacterial endocarditis,
merely parallelling in the blood serum the
in-vitro penicillin bacteriostatic activity did
not consistently achieve effective therapeutic
blood levels. As a result of clinical experi-
ence therefore the dictum was well founded
that multiples of five to ten times the in-
vitro sensitivity figure were essential for
termination of the infection. It was subse-
quently suggested that "to be therapeutically
effective, penicillin blood levels must be far
in excess of the in-vitro bactericidal require-
ments" and that "inadequate dosage invites
treatment failure and the organisms may ac-
quire resistance that is so high as to render
future therapeutic levels virtually unat-
tainable."1.2 It was early evident that there
is both a bacteriostatic and a bactericidal
zone of penicillin activity. While the arbit-
rary intensification of penicillin dosage in
the treatment of subacute bacterial endo-
carditis weas attended with greater clinical
success, there were still sufficient treatment
failures to justify intensive investigation for

the causative factors. One result of this
study was the discovery of a new type of
non-hemolytic streptococcus, designated
Streptococcus s.b.e.3 The factors respon-
sible for the refractory nature of this or-
ganism are under investigation and are not
discernible in test tube studies per se. La-
boratory techniques were devised to deter-
mine the bacteriostatic and minimal lethal
dosage of penicillin for the infecting organ-
isms. The routine use of these procedures
has afforded an explanation for the failure
of penicillin treatment with seemingly ade-
quate dosage as judged by customary stand-
ards. Thus while the infecting non-hemo-
lytie streptococcus of P.G., a patient with
subacute bacterial endocarditis, had a bac-
teriostatic penicillin sensitivity of 0.008 Ox-
ford units per cc. of test broth, a seven
weeks span of therapy of 300,000 to 500,000
Oxford units of penicillin daily with average
blood levels of 0.53 Oxford units per cc.
failed to cure. A total of 22.4 million Ox-
ford units was administered during this un-
successful course of therapy. The answer
was found in the determination of the mini-
mum lethal dosage of penicillin for this
causative organism, which proved to be 1
Oxford unit per cc. of test broth. When
the daily penicillin dosage was lifted to 2
million Oxford units with resultant blood
levels of 2 or more units per cc. of serum,

* From the Department of Laboratories and the Department of Medicine, Jewish Hospital of Brook-
lyn, N. Y.
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the blood stream was sterilized and the in-
fection was terminated. That subcurative
(loses of penicillin have a pronounced tend-
encv to increase the resistance of infecting
organisms was apparent in our series of 157
cases of subacute bacterial endlocar(litis
treated with the combination of penicillin
and heparin. This fundamental concept, the
implications of which are now widely recog-
nize(l, has been found to apply to infections
in general.
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Repository injectionz of Penicillin in Water-in-Oil Emuldsion
Effect on Early Syphilis-A Preliminary Report

ALFRED COHN, THEODORE ROSENTHAL and ISAAK GRUNSTEIN

In previous investigations a method was
developed to cure gonorrhea by a single
intramuscular injection of penicillin in wa-
ter-in-oil emulsion. The administration of
penicillin in such a vehicle has been now ap-
plie(l for the treatment of early syphilis.
It is hoped that this method which re(luces
the number of daily intramuscular injec-
tions to one or two, may open the way for
the ambulatory treatment of syphilitic pati-
ents with penicillin.
A total of 35 male patients with early

syphilitic infections received daily injections
of penicillin in water-in-oil emulsion over a
period of 5 days. The daily (lose ranged
from 400,000 to 1,000,000 Oxford units of
penicillin, given intramuscularly either at
12 or 24 hour intervals.
After total dosages of 2,000,000 to 5,000,-

000 Oxford units respectively, definite clini-
cal regression of the syphilitic lesions were
observed among all patients at the end of
active therapy.

Darkfield examinations initially positive
for Treponema pallidum, were found nega-
tive 24 hours after the initiation of treat-
ment in all of 11 cases examined.
Complete healing of the primary chancre

at the fifth day of treatment was noticed in
19 patients and healing within a period of
13 to 90 days took place in 13 cases. Of the
remaining 3 patients one showed a clinical
relapse when reexamined 65 days after
treatment, and the other 2 patients were
(lelinquent.

Complete involution of the secondary
nianifestations immediately following treat-
nient was observed among a group of 12
1atients and within a period of 11 days to
6 weeks in the remaining 3 patients. Simi-
lar involution of lymphadenitis occurred
either shortly after treatment or 5 to 7
months later.

Titrated 'Wasserinann reactions and floc-
culation tests (Kahn, Kline andlMazzini)
were (lone on the serum of each patient l)e-
fore treatment and repeated each time the
lpatient reported for reeixa nination. Four
initially negative Wassernmann sera re-
maine(l negative during a periodl of 1 to 12'
months. The l)ositive Nassermann tests of
16 pWtients reversed to negative within a
l)eriod of 5 to 28 weeks. The sera of 2
other patients yielded persistently l)ositive
Wassermnann and flocculation tests over a
period of 8 to 10 months, while their corre-

sponding s)inal fluid tests (lone 6 months
after treatment, were negative.
The initial spinal fluid examinations of

all patients before treatment were negative,
The spinal fluid of 14 patients reeixamined 6
months after treatment were also negative.
Ten cases were followed for a period up

to 6 months. In this group there occurred
the only clinical relapse observed thus far,
60 days after treatment. This patient suf-
fered from sero-positive primary syphilis
and was treated oyer a period of 5 days
with single daily injections of penicillin in
water-in-oil emulsion (900,000 Oxford units
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the first day and70tO,000 Oxford units daily
for 4 days), simultaneously with a dalily
(lose of 100,000 Oxford units in saline.
Fourteen patients remain lln(ler ol)serv-

tion for l)eriod of 6 to 10 months; none

show any signs of clinical relapse; there
are, however, 2 )atients witn l)ersistent posi-
tive serologic reaction requiring further ob-
servation, and a thir(l patient with second-

ary syphilis whose serologic test reversedl
from negative to positive 8 months after
treatment.

Injections of penicillin in tle oily vehicle
(lid not )roduce any serious side effects
except transitory pains of varying intensity
at the site of injection. Herxheimer reac-

tions of a mild (legree occurred in iiost
calses.

For purposes of comparison two patients
wvere treatedl with correspon(ling single
tlailv injections of penicillin (totaIl dlosages
of 2,000,000 and 1,200,000 Oxford units) in
saline alone; both l)rttients suffered clinical
relapses within 2 and 3 months respectively.
Comparison of penicillin serum antI urine

levels in l)patients receiving first a single in-
jection of penicilfin in saline and 5 (lay-s

later sinrrle in jection of ideentical nIaiomunmt.

of penicillin in water-in-oil emulsions shows
the following findings:

1. -No essential difference in the duration
andl height of penicillin serum levels was

noticeable among the 2 groups.

2. The 24-hour urine levels of patients
wvho received single injections of penicillin
in water-in-oil emulsion were twenty to one

thousan(l fold higher than the urine levels
of the patients after single inje tions of
itlentical amnounts of l)enicillin in water.

.3. These findings correlated with clin-
ical results inav indicate that the admin-
istration of l)enicillin in water-in-oil emnul-
sion p)rolongs the therapeutic effect of the
antibiotic agent within the bodY, e-en though
assav-aile penicillin serum les-els could not
he detectedl consistently.

Four J)atients receive(d oral penicillin
treatment. Of three receiving 6,000,000 Ox-
ford units o\ er l)erio(l of 6 to 10 days, 2
remain under observation. They are com-

lietely nega;,.tive both clinically and serolog-
ically for a period up to 10 months. The
fourth ).atient received a total dosage of
12,000,00(0 Oxford units over a period of 10
(lays, and displayed a clinical relapse after
(iS daivs.

Galactose Removal Constant
An F. t-prcssion /f (Ga'rctose i)isapprearance Foma the Blood Strcar:.: Its Appiiecation As A Test For

Liver FJ-actioa

HENRY COLCHER, ARTHUR J. PATEK, JR., AND FORREST E. KENDALL

'I'he rate of (lisappearan-e of galactose
from the blood stream after a raipid intra-
venolus injection wIas stul(lie(l in (4 patients

with .n-l wNithout liver (liseases. A 50 per

cent galacttose solution was in jecte.l intra-
venousl- in amounts corresponding to 0.5
gin. per kilo body weighlt. Blood specimens
were obtained before and at 1.5 minute in-
tervals after the injection for a period of
90 minutes. Urine was collected as voi(lecl
over a 4-hour period. The (letermination of
blood galactose was based upon Benedict's
method for blood sugar after removal of

glucose by fermentation according to thle

muethodi of Ialainond and Bianco.
WVhen the logarithm of blood galactose

concentration is plotted against time a

straight line is obtained. This straight line
mnay be inter)rete(l to indicate that the rate
of removal of galactose from the blood is
dlirectly )roportional to the concentration in
the blood. By- use of time following equation
a constant, K, was calculated.

2.3 (log C1-log C2)
=~~~t"-t

* From tire Research Service, First (Coltombia) Division, Goldwater Memorial Hospital, Department
of Hospita's, and the Department of Medicine, College of Physicians and Surgeons, Columbia Uni-
versitN-.
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C1 and C2 are the concentrations of blood
galactose (in mg./100 cc.) at times, t1 and t2
expressed in minutes. K represents the frac-
tion of the total amount of galactose present
at any given time that is removed from the
blood each minute. If K is multiplied by 100
the numerical value obtained expresses the
percentage of the amount present that is
removed each minute. This might be called
the Galactose Removal Constant or G.R.C.
The Galactose Removal Constant can be

calculated with sufficient accuracy from two
blood specimens obtained at 15 and 45
minutes after intravenous injection. Under
these conditions the constant may be cal-
culated by the following equation:

G.R.C. = 7.6 (log conc. at 15 min.-
log conc. at 45 min.)

The value of G.R.C. varied between 4.2 and

9.5 in 10 controls and was below 4 in 43
patients with parenchymal liver damage
(26 patients with cirrhosis of the liver, 7
cases of hepatitis, and 10 patients with
chronic passive congestion of the liver). In
one patient with acute hepatitis, the value
of G.R.C. was 1.9 and 1.94 on the. 4th
and 14th day of illness and returned to nor-
mal value of 6.2 three months after clinical
recovery.
A series of determinations pertaining to

liver functions were performed simultane-
ously with the galactose test on all patients.
These included serum protein partitions,
serum bilirubin, plasma prothrombin, cepha-
lin cholesterol flocculation, bromsulphalein
dye retention and urinary urobilinogen ex-
cretion. There was a good correlation be-
tween the values of galactose removal con-
stant and other liver function tests.

The Etiologic Agent of Pemiphigus Vulgaris*

ARTHUR W. GRACE

INTRODUCMION

In a search for additional data upon the
etiologic agent of pemphigus vulgaris, 1,2
pathologic and control materials were inocu-
lated into the brains of x-irradiated and
normal mice.

MATERIALS

The inocula consisted of:
A. Materials obtained from persons suf-

fering from pemphigus vulgaris:
Twelve blisters arising spontaneously; 3

cantharides-induced blisters; 8 cerebrospinal
fluids; 6 whole bloods; 1 blood plasma; 5
blood sera; 2 washed blood cells; 3 tissues
obtained at autopsy.

B. Materials obtained from persons suf-
fering from diseases other than pemphigus
vulgaris:
Three blisters arising spontaneously; 1

cantharides-induced blister.

C. Materials obtained from normal per-
sons:
Three cantharides-induced blisters; 2

blood sera.
D. Materials obtained from mice:
Seventy-eight irradiated mouse brains

containing heat-inactivated RP strain of
virus; 15 irradiated normal mouse brains.

RESULTS

Nine strains of non-bacterial agents,
transmissible to mice, were obtained from
7 persons suffering from pemphigus vul-
garis. Four of the strains were derived from
spontaneous blisters, 3 from cerebrospinal
fluids and 2 from blood sera. No transmis-
sible agents were obtained from any of the
other materials. The strains were trans-
mitted for the following number of passages
respectively: 242, 11, 5, 4, 1, 1, 1, 1, 1. No
attempt was made to transmit 3 of the ma-

* From the New York Hospital and the Department of Medicine, Cornell University Medical Col-
lege and the Long Island College Hospital and the Department of Dermatology and Syphilology,
Long Island College of Medicine. Aided by grants from the John and Mary R. Markle Foundation
and from the Dazian Foundation for Medical Research.
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terials for more than 1 passage.
The criterion of the presence of the agent

was the appearance in the brains of infected
mice of discrete and diffuse, macroscopic
and microscopic, collections of polymor-
phonuclear leukocvtes. In some instances,
the spinal cord and meninges were also in-
volved in the same histologic change. Sick
animals whose brains did not show this
change were not regarded as having been
infected.

Close study was made of the RP strain
of virus, which was transmitted for 242
passages, with the following results:

a. The virus is unlike any spontaneous
mouse virus hitherto described.

b. Neutralization experiments were per-
formed with sera obtained from 10 normal
persons and from 13 persons suffering from
pemphigus vulgaris. Some degree of neu-
tralization was obtained with some normal
sera but definitely higher degrees of (and in
one case, complete) neutralization Wvere ob-
tained with pemphigus sera. The serum from
another case of pemphigus showed the de-
velopment of a high degree of neutralization
coincident with clinical remission and its
disappearance in a relapse which terminated
in the death of the patient.

c. Rabbits received virus by corneal
scarification and by intradermal, intracere-
bral, intratesticular and intraperitoneal
routes. Guinea pigs were inoculated sub-

cutaneously, intracerebrally and intraperi-
toneally. No pathologic changes were pro-
(luced in the animals. The virus, therefore,
was not that of herpes, vaccinia, rabies,
choriomeningitis or lymphogranulomfa Xen-
ereum.

d. No growth occurred in medium used
for the growth of pleuropneuLmonia-like or-
ganisms.

e. Experiments in which an inoculum was
employed whose concentration was 20 times
that use:d for infection of irradiated mice
showed that, while infection of non-irradi-
ated mice occurred readily, it was impossible
to maintain the virus for more than 3 or 4
passages in non-irradiated mice.

f. Vesicles accompanied with intense ec-
todermial, mesodernal and entodermal cel-
lular reaction were produced by depositing
the virus on the chorioallantoic membrane
of the developing chick.

CONCLUSION

The data gathered in this study warrant
the conclusion that the virus whose char-
acteristics are outlined in this paper is the
etiologic agent of pemphigus vulgaris.
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Some Phavnacological and Clinical Experiences oith Dimethylaminoethyl
Benzhydryl Ether Hydrochloride (Benadryl)

THOMAS H. MCGAVACK, HERBERT ELIAS AND LINN J. BOYD

The action of dimethylaminoethyl benzhy-
dryl ether hydrochloride (Benadryl) was
studied in 60 normal subjects and in more
than 200 patients with various forms of al-
lergic and other diseases in which sudden
releases of histamine may play a pathogen-
etic role.
The various systems of the body were

systematically checked in the 'normal' sub-
jects and in some of the patients for both
physiological and toxic actions of the drug.

The data obtained has been correlated un-
der three main headings: (1) physiological
and pharniacological effects of the drug as
observed in "screening" tests for the func-
tions of the various systems of the body in
all of the 'normal' subjects and in some of
the patients; (2) the therapeutic range of
activity of benadryl; (3) the nature and
frequency of toxic reactions.

1. Effects of benadryl upon various
bodily systems and functions. The positive
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dlata which were obtained in the study of
'normal' sllbjects an(l some of the patients
in(licated:

ai. A depression of the secretion of gas-
tric acid in 19 of 21 subjects studied, notice-
ab)le witn (loses of 150 mg. daily, and oc-
casionalltv reaching a state of complete sil)-
pression when 400 mg. were administered
dail-.

l. A (lepression of the Oermal response
to histamine in all of 20 nosmal subjects
and in 7 patients studied. There was com-
plete suppression of the response when pa-
tients were kept on from 300 to 400 mg. of
drug daily for several weeks. Reactions to
the injection of histamine were continuously
abolished promptly by thle intravenous ad-
ministration of 20 11g. of benadryl.

c. An atropine-like action of topically
applied benadryl upon the pupil of the eye,
maximal in degree by the end of 1 hour.
This was hastened not increased by epine-
phrine. Benadryl increased the action of
atrol)ille and decreased that of eserine.

d. Tile development of orthostatic hypo-
tension in -approxinaltely 8 per cent of all
subjects stu(lied.

e. A moderate decrease in the capillary
permueability of subjects receiving doses of
300 to 400 ing. of benadryl daily.

2. 7The theraleeutic rmige of activity of
beitadr l. Benadryl proved to be muost highly
effective for the control of acute and chronic
urticaria, angio-neurotic edema, allergic ec-
zema, hay fever annd vasomuotor rhinitis.
Good but less reliable effects were observed
in patients with bronchial asthmia, neuro-
lermllatitis, d'smaenorrhea and spastic colon.

I-n- ma-r- instances relief was afforded pa-
tients who suffered from MWnibre's syn-
drome, migraine, 'intractable' insomnia, a
variety of gastrointestinal neuroses (other
than spastic colon), and cardiac asthma.
IHlowever, the results do not warrant con-
clusive statements regarding the routine
usefulness of tile drug in these conditions.
A questionable influence upon essential hy-
pertension and the tremor of paralysis agi-
tans has been noted. In several other condi-
tions of widely diverse nature, no bene-
ficial action could be dernonstrate(l.

3. The na'lure a1n4 frequency of toxic re-
actions. Drowsiness was the most frequent
and most distressing untoward iinanifesta-
tion of the action of benadryl. It was usu-
ally most marked after the first (lose or
doses of tile drug; later a "tolerance" was
commonly established. A single dose of 50
mig. has evoked a severe response, neces-
sitating the use of coffee or benzedrine sul-
fate to *keep tile subject awake. Other
unl)leasant syniptomns in the order of their
frequency included dizziness, blurring of
vision, dryness of the mouth, and an "all
gone feeling" at the pit of the stomach.
None of the reactions observed in any way
endangered the subject's life or health, and
all disappeared in from one-half to several
hours after (liscontiniming the drug. More-
over, as a rule the drug could be resumed
witilout untowar(l effect by stepping up the
dose gra(lually.

It was concluded that benadryl is a pow-
erful antihlistamnine agent which has in ad-
dition weaker but definite antispasimodic
activity of an atropine-like type.

uk * *

The Clinical Evolution of Vascular Damage in Diabetes Mellitus

HENRY DOLGER

Tile long recognized association of vascu-
lar damnage with diabetes mellitus was em-
phasized in 1936 by Kimmnelstiel and Wilson
in a report on intercapillary glomerulo-
sclerosis. Our observations indicate that this
triad of retinopathy, hypertension, and al-
buminuria is more than a terminal "patho-
logical" syndrome.

'hlien diabetic patients, young and old,
mild and severe, were scrutinized carefully
over a period of years, such vascular dam-
age was found in every instance. When 200
patients below fifty years of age were fol-
lowed diligently for 25 years, not one es-
caped retinal hemorrhages, albuminuria
arid/or hypertension in varying (legree. The
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group investigated consisted of 16 whose
age of onset of diabetes was below 10 years;

39 whose age of onset was between 10 and
20 vears; 22 between 20 and 30 years; 43
between 30 and 40 years; and 80 between
40 and 50 years. There was no preexisting

Ihyp)ertension in any of these persons.

Retinal hemorrhage was the preclonminalnt
lesion when diligent search was mlade rou-

tinely, and it often I)recede(l the appearance
of albuminuria and/or hypertension. When

this sequence was not ohserved it could
probably be attributed to failure to notice
transient hemorrhages which had resolved
in the interval between examinations. All
three lesions appeared in the patients re-

gar(dless of the age of onset or degree of
severity of the diabetes, the need for insulin,
the type of diabetic "control" or diet em-

ployed, the blood cholesterol levels, or the
absence of x-ray evidence of arterial cal-
cification.

Careful repeated examinations of the eve

grounds, blood pressure, and urine for al-
bumin revealed no single instance where the
diabetes had lasted 25 vears in which the
patient escaped the development of va'£scu-
lar damage. Some presented rapid progres-

sion into the full blown clinical syndrome
of intercalpillary gloineruilosclerosis fre-
(llerltly with blindness. In the majority,
however, the lesions progressed slowly with
accelerated dlamage o(casionally in isolated
viscera and tissues such as renal, coronary

and cerebral vessels, etc. The finding of
specific renal vascular lesions on postmuor-
tem examination in 68 per cent of all dia-
betic p)atienlls was reported in 1944 hy aiip-
pl-, Eit; e i, and I)utra. This may now be
consicereld a low estimate in view of our

finding of vascular lesions in 100 per cent
of all (lial)etics followed 25 Xears. In the
middle age groups, the damnage often ap-

peared within 5 years of the onset of dia-
betes and not infrequently was noted coin-
cidental with the onset. In a few instances,
the lesion seemed to antedate the onset of
clinically detectable diabetes.
Every diabetic would seem at present to

be doomed to the inexorable development of
vXascular damage despite the benefit of in-
sulin in prolonging life. At most, 2.5 years

of freedonu from arteriosclerosis can be of-
fered even to the juvenile diabetic. The pre-
vention of these inevitable sequelae are a

challenge to the future.

insulin Resistance: A Case Study

THOMAS H. MCGAVACK, SOLOMON D. KLOTZ, AI4LDRED VOGEL and
JAIMES F. HART

A 64-year old man with diabetes of 7

Vears duration has been observed in 3

periods of "insulin resistance" with severe

ketonuria and glycosuria, during which a

"peak" daily dose of insulin has been 3250,
1320 (400 intravenously), and 500 units re-

spectively. Between these periods the pa-

tient's urine has been free of sugar and
acetone without exogenous insulin. During
the third period of resistance, the presence

of allergic antibodies has been demonstrated
repeatedly by the use of the Kustner-Praus-
nitz method for the passive transfer of sen-

sitivity. Such reactions disappeared within
10 weeks after insulin was discontinued and
reappeared within 10 days after its re-

sumption.
Other protective substances of a directly

anti-insuilin or anti-hypoglycenic nature
were sought for in the blood of the patient.
However, repeated tests failed to show that
his blood was capable of protecting mice
from otherwise fatal doses of insulin.
Following an acute pancreatitis associated

with the formation of a pseudo-cyst, the pa-

tient's sensitivity to insulin has become nor-

mal, and the allergic reactions previously
noted can no longer be demonstrated.

It is concluded that under certain circum-
stances insulin may act as an allergen; the
development of antibodies may be so great
that severe resistance to the action of in-
sulin results. The data are discussed in re-

lation to previous concepts of insulin re-

sistance as revealed in the literature.
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Experiences with Folic Acid in Macrocytic Anemnia-

LEO M. MEYER

Data are presented concerning the use of
folic acid in the treatment of 7 cases of
pernicious anemia. Three of the patients re-

ceived folic acid in doses of 50 mg. orally
or 20 mg. intramuscularly daily. Clinical
improvement with relief of symptoms and
increases in hemoglobin, red cells and reti-
culocytes followed. However, complete he-
matological remissions could not be ob-
tained, and 2 of the patients showed pro-

gression of their neurological signs and
symptoms. The third died on the 37th day
of bronchopneumonia. Four other patients
were treated with combinations of 5 or 10
mg. of folic acid plus 1/2 unit of liver ex-
tract intramuscularly, daily. On this regime

symptoms were relieved and blood pictures
became normal. Reticulocytes rose to levels
greater than those anticipated with liver
alone and 2 of the patients with neurolog-
ical signs were distinctly improved.
The author concludes that folic acid, by

itself, fails to raise the Hb and red cells to
normal levels and is unable to prevent the
development or progression of signs of sub-
acute combined sclerosis. However, the com-

bination folic acid and small doses of liver
produces a more rapid rise in the Hb and
RBC with higher reticulocytosis and is ef-
fective in preventing and curing involve-
ment of the central nervous system.

A Study of Histochemically Demonstrable Liver Phosphatase in

Experimental Obstructive Jaundice and in Human
Postmortem Material*

M. WACHSTEIN and F. G. ZAK

Methods capable of demonstrating enzy-

matic reactions in tissue sections have
opened a new approach to the study of
various biological problems. In view of the
marked changes in serum alkaline phospha-
tase activity occurring in liver disease, a

study of this enzyme in liver sections urder
experimental conditions, as well as in post-
mortem material, was undertaken. Gomori's
method, as modified by Kabat and Furth
with some minor alterations was used.

Little stainable phosphatase was present
in the livers of normal rats and mice. In-
crease in cytoplasmic alkaline phosphatase
activity in the atrophic liver cells of starved,
in the hydrophic liver cells of protein de-
pleted mice, and to a lesser degree of rats,
has been described in a previous paper
(Arch. Path. 1945, 40,57). In the livers of
animals poisoned by phosphorus, chloroform

and carbon-tetrachloride there was no sig-

nificant increase of phosphatase in necrotic
cells.

In continuation of these experiments the
common bile duct was ligated in 9 dogs af-
ter an initial biopsy had been taken. In the
dog liver the bile capillaries showed con-

spicuous phosphatase activity. After the
ligation there occurred a marked rise in
serum alkaline phosphatase as described by
various investigators. There was marked
dilatation of the bile capillaries, increasing
with the aaration of the experiment. This
widening apparently was caused by the ac-

cumulation of phosphatase in the liver cells
around these structures. Considerable dila-
tation of bile capillaries was also seen in
the livers of several rabbits 4 to 5 days
after the ligation of the common bile duct.
The postmortem material included both

* From the Laboratories of the E. A. Horton Memorial Hospital, Middletown, New York and Mt.
Sinai Hospital, New York.
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sections from livers not involved by disease,
and sections from livers which had been the
seat of various pathological processes. In
liver sections from patients whose death was

due to various causes and in which no sig-
nificant gross or microscopic changes were

found, only little alkaline phosphatase ac-

tivity was demonstrable in the liver cells,

while the sinusoids, as well as the bile capil-
laries, showed a varying degree of activity.
In 8 cases of obstructive jaundice there was

dilatation of bile capillaries which, however,
was absent in the 2 remaining instances.
The degree and extent of the widening of
the bile capillaries as seen in these prepara-

tions stained for alkaline phosphatase ac-

tivity varied considerably. It was only focal
in some and fairly uniform in others. Ne-
crotic liver cells in these livers as well as in
a number of other livers in which extensive
necrosis had occurred, did not show in-
crease in enzymatic activity. In a case of
subacute yellow atrophy and in a case of
toxic (post-necrotic) cirrhosis, there was

conspicuous activity in the proliferating
connective tissue and the infiltrating round
cells. Marked staining of the connective tis-
sue occurred also in some cases of Laennec
cirrhosis while in other cases, obviously in
a more quiescent stage, the connective tissue
showed only little activity. In several cases

in which hepato-cellular changes were super-

irnposed and in which jaundice as well as

increase in serum alkaline phosphatase had
been present, focal dilatation of bile capil-
laries was seen while otherwise the liver
cells did not show any alteration in their
enzymatic activity. In several livers of pa-

tients who died from various causes (car-
diac failure, glomerulo-nephritis, etc.) but
without clinical and anatomical evidence of
significant liver disease, considerable in-
crease in cytoplasmic alkaline phosphatase
activity was found.
The origin of the increased serum al-

kaline phosphatase in liver damage is still
controversial. The behavior of histochem-
ically demonstrable phosphatase activity in
the liver under experimental conditions and
in human postmortem material favors the
assumption that this rise is due not to in-
creased production in the diseased liver, but
rather to the inability of the liver cells to
excrete the enzyme. This may be caused
either by external obstruction, or by cellular
dysfunction. The blood level of alkaline
phosphatase probably is in addition influ-
enced by extra-hepatic factors, since phos-
phatase can be excreted in the pancreatic
juice and through the intestinal tract and
in addition through the kidneys in some

species. Disturbances in calcium and phos-
phor metabolism in hepatic disease may in-
fluence the production of this enzyme in the
osseous system.
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